Conventional exchange rate theory has proven unreliable in its attempts to explain the real exchange rate. In the March 2003 Reserve Bank Monetary Policy Statement two graphs appeared, one of total net migration and the other the nominal TWI exchange rate. Closer inspection revealed they were correlated. This paper aims to answer the question: can migration be used to predict the exchange rate? The hypothesis tested in this paper is that the heterogeneity in the market shares of aggregate demand and labour supply between the migrants and the native born population constitute important determinants of the real exchange rate. In particular, the model provides an analytically tractable equation consistent with a general equilibrium theory of the exchange rate determination as a function of migration. It turns out that migration data is able to partially explain the movements in the real exchange rate. The correctly specified general equilibrium performs well in and out of sample and gives valuable insight into the determination of the real exchange rate for New Zealand.
Introduction
The exchange rate has long been one of the hardest variables to predict and explain in Economics. Traditional models using traditional fundamentals have failed to provide consistently reliable estimates and beat the random walk, a benchmark for forecasting performance. This paper takes a new and unconventional approach using international labour movements or migration to explain the real exchange rate. In particular, the purpose of this paper will be to answer the question: can migration data be used to explain the real exchange rate in the New Zealand economy?
Fluctuations in the exchange rate have very important Macroeconomic policy implications for a small open economy such as New Zealand. For example the exchange rate can determine the price of imports and hence may affect inflation and have effects on employment. So it is important for policy makers to understand the dynamics characteristic of floating exchange rates and the mechanics behind them. The problem arises through the poor performance of traditional models and fundamentals in determining the real exchange rate.
Traditional exchange rate models determine the exchange rate through the international interaction and arbitrage between the goods, financial and money markets. Some of these models include staples such as Purchasing Power Parity, Uncovered Interest Parity and the Monetary Model. Traditional fundamentals used in these models include relative interest rates, price, inflation, output and money supply differentials as well as forward and expected exchange rates 2 (Engel and West 2003) .
3 Meese and Rogoff (1983) test the out of sample forecasting performance of some of these traditional models using data from the 1970's. They find the random walk hypothesis out performs all models they test over short and medium horizons. Engel and West (2003) find the exchange rate is a better predictor of the fundamentals than the fundamentals are of the exchange rate. Zealand dollar. The graph on the right is of annual total net migration. It is the net of total long term and permanent arrivals and departures. It is interesting to note that the peaks and troughs in both series appear to coincide. There is a trough around the year 1992, a peak in about 1996 and another trough in 2000 before both series trend up again.
The correlation present in the graphs shown raise some interesting questions. Upon seeing such a relationship the first question that must be posed is whether the observation is spurious or whether there is a relationship between migration and the exchange rate. Can economic theory explain the observed correlation? Can econometric tools determine whether this is a spurious relationship? In order to address the first question a review of the literature must be undertaken. The second question will be answered in a following section using diagnostic econometric tools.
The literature relating international labour mobility to the real exchange rate through the labour market is in its infancy. Hercowitz and Yashiv (2002) and Agiomirgianakis and Zervoyianni (2001) are two recent papers that have related the real exchange rate to the labour market through international labour mobility. Agiomirgianakis and Zervoyianni (2001) consider labour mobility to be endogenous to their model, determined by the real wage differential between countries. They use a general equilibrium model to show that an asymmetric shock to the goods and or bonds markets is transmitted to the real exchange rate.
Increasing labour mobility can reduce the resulting volatility in the real exchange rate by ensuring that real wages equalise faster. Hercowitz and Yashiv (2002) Their disproportionate share of aggregate demand and delayed entry in the labour market 5 Hercowitz and Yashiv (2002) consider the causes of the immigration like the break up of the former USSR and foreign immigration policy to be exogenous to their model, which means immigration, can also be taken as exogenous to the model. cause the real exchange rate to initially appreciate and then depreciate after they have been resident for some time.
As suggested the approaches taken to modelling migration and the real exchange rate to date have only considered labour mobility as a sensitivity to the real wage differential as in Agiomirgianakis and Zervoyianni (2001) or have only used immigration as a determinant of the real exchange rate as in Hercowitz and Yashiv (2002) . As yet emigration has not been used explicitly in these models to explain the real exchange rate, nor has any study of this nature been conducted for the New Zealand economy. Therefore this paper will investigate the use of migration broken into its separate components, immigration and emigration as determinants of the real exchange rate for the New Zealand economy.
The purpose of this paper will be to answer the question: can migration data be used to explain the real exchange rate in the New Zealand economy? What causes the movements in the exchange rate is unclear. Can the relationship observed in the Reserve Bank Monetary
Policy statement be used to explain some of the variation in the exchange rate? To answer this question diagnostic econometric tools like Granger causality tests will be used to ascertain the direction of causality 6 , where the functional form is unknown. When these have been performed immigration and emigration can be included in a general equilibrium model and calibrated to the New Zealand economy. Once the model is calibrated hypothesis tests can be performed to evaluate the performance of the model. Policy experiments can be undertaken using the model regarding the recent change to immigration policy in New
Zealand. Only migration's effects will be considered on the exchange rate, the exchange rates effects on migration will not be covered directly in this paper.
Following this introduction, section two contains a literature review. Section three describes the data used in this project, data construction and data sources. Section four reports the plausible relationships between the exchange rate and other relevant variables, using diagnostic econometric tools. Section five develops a general equilibrium model from the literature. Section six explains how this general equilibrium model is calibrated to the New Zealand economy. Section seven presents results of testing this model and related policy issues.
Literature Survey
This section takes a deeper look at some methods used to explain the exchange rate and their performance. A brief discussion is given on Granger causality in non-stationary variables, a methodology to be used in the following section. Engel and West (2003) use the methodology to establish direction of causality between the fundamentals and the exchange rate. In addition the literature relating migration to the real exchange rate is discussed especially with regard to Hercowitz and Yashiv (2002) .
Granger causality is an econometric tool designed to test for the statistical direction of causality between time series variables. Granger causality is based on the bivariate VAR. In systems with stationary time series data, x Granger causes y if y is regressed on the lags of x and y and at least one of the coefficients on the lagged x is significant (Granger 1969) . The
Granger causality method has also been adapted to non-stationary data through the bivariate Error Correction model. Chaudhuri (1997) describes the methodology. Error Correction Models require all variables in the system to be non-stationary and integrated of the same order. The variables must also be cointegrated. If the variables are cointegrated causality is at least implied in one direction if not in both directions (Engle and Granger 1987 ). Granger causality is determined by the significance of the coefficient on the cointegrating vector in the ECM, if the coefficient on the cointegrating vector is significant then the independent variable Granger causes the dependent variable (Engle and Granger 1987) . Engel and West (2003) use Granger causality tests to establish the direction of causality between the fundamentals and the exchange rate. They find in many cases that the exchange rate Granger causes the fundamentals, but only one case where the fundamentals Granger cause the exchange rate. Thirty different cointegrating equations are tested for six countries using five fundamentals. The Johansen test is used to test for cointegration. Five out of the thirty proposed relationships are found to be cointegrated at the 5% level using the trace statistic and none are found using the maximum eigenvalue test, so it is assumed there is no cointegration between the variables. All nonstationary variables are entered in differences in bivariate VARs to establish Granger causality. Engel and West (2003) is notable for the absence of cointegration. Cointegration implies a long run equilibrium relationship exists between the variables and it is generally agreed that the presence of cointegration is required between nonstationary variables for there to be Granger causality (Chaudhuri 1997) . New
Zealand was not part of the sample and migration was not included.
In addition to the diagnostic econometric tests a general equilibrium model will be set up to model the effects of migration on the real exchange rate and develop a better understanding of the relationship. The model to be used in this paper is based on Hercowitz and Yashiv (2002) with the addition of emigration, technology and aggregate demand shocks. It is chosen because only immigrations effects are considered on the real exchange rate and a simple modification will allow emigration to be included. As noted a general equilibrium model is set up with a Cobb Douglas production function in the standard form, except for the inclusion of imported capital as a factor of production. The population is heterogeneous and consists of native born and immigrants, where immigrants have differential entry into the goods and labour markets compared to the native born population. Immigrants have lower employment and participation in the labour market shortly after arrival. Employment rates increase with the time they have been resident in the host country, eventually converging to the native-born rate. Immigrants' activity in the goods market in terms of their consumption exceeds that of the native born at some stage during their settling phase in the host country. This is due to set up costs like the purchase of a house or business. Aggregate supply is determined by recent immigrants' employment rate and aggregate demand is determined by immigrants' over representation in the goods market, while both are determined by the real exchange rate. In equilibrium aggregate demand equals aggregate supply, so the system is solved for the real exchange rate. The differential between immigrants' contribution to production through labour and their consumption determines the real exchange rate. Hercowitz and Yashiv (2002) find when immigrants arrive in Israel they consume more than they contribute to production through labour, resulting in an increase in aggregate demand and a real appreciation of the exchange rate. After they have been resident for some time, their employment levels increase, contributing more to production relative to their consumption, leading to excess aggregate supply and a real depreciation of the exchange rate.
Similarly there are other microeconomic facts New Zealand shares with Israel, the country Hercowitz and Yashiv (2002) build their model round, that have influenced the decision to use this model. There is evidence of immigrants having an entry differential in the New Zealand labour market. Winkelmann and Winkelmann (1998) carry out a longitudinal study of immigrants' labour market outcomes over a 15 year period using census data and find an entry differential exists in the labour market. Recent immigrants have lower labour market participation and employment rates compared to the native born. They find that immigrants' labour market participation eventually converges to that of the native born after residing in the host country for some time.
Data
This section discusses the data used for the statistical diagnostics in section four and the general equilibrium model in section five. The permanent and long term migration data is acquired from the Infos database and seasonally adjusted by adding the three consecutive preceding quarters. The resulting variables are divided by four for the general equilibrium model which requires quarterly data. Hercowitz and Yashiv (2002) use data for the immigrant population of working age. This paper uses data for total migration flows since the working age constitute the large majority.
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The real exchange rate index is constructed using data for the NZ/US nominal exchange rate and CPI data for USA and New Zealand. The real exchange rate as measured in this paper is the price of a foreign basket of good in terms of a domestic basket of goods. The GDP deflator and employment data are taken from the New Zealand time series and Infos databases respectively.
Diagnostic Statistical Tests
This section investigates the relationship between the exchange rate (real and nominal) and migration. Granger causality tests are performed to establish the nature of the relationship and direction of causality using a similar methodology outlined by Chaudhuri (1997) and based on Engle and Granger (1987) . When the direction of causality has been confirmed, the type of relationship that exists can be determined and incorporated in an appropriate general equilibrium model and calibrated to the New Zealand economy. It will be shown in this section that migration Granger causes the exchange rate. Only the Philips Perron unit root test is used to test for stationarity because cointegration is only found using this test when residual based cointegration tests are performed. 13 Alternatively if the non-stationary variables are not cointegrated, they could be differenced and included in a VAR, and the resulting system could provide useful insight into the short run dynamics of the variables. Only the cointegrated variables and relationships will be covered in this paper because cointegration is a powerful result and implies that a long run equilibrium relationship exists between the variables and causality in at least one direction. Out of the sixteen cointegrating equations tested, eight are found to be cointegrated at the 15% level or lower (see Appendix E2). The 15% level is used because of the low power of unit root tests under small sample sizes (Blough 1992) . The coefficients in the cointegrating vector are obtained using Dynamic OLS with one lead and lag and the cointegrating vectors are generated using the coefficients estimated under DOLS 14 .
Arrivals and Departures individually

Estimated Cointegrating Equations
(1 Stock and Watson (1993) explain the methodology.
The coefficients on arrivals and net migration are negatively signed, implying that an increase in arrivals will result in an appreciation of the exchange rate (nominal and real). The coefficients on departures are positively signed implying that an increase in departures will cause a depreciation of the exchange rate (nominal and real).
All the cointegrating vectors are included in Error Correction Models. The optimal lag length is chosen by minimising the Schwarz Information Criterion. The estimated equations are reported in Appendix E3. The bivariate ECMs can be interpreted as Granger Causality tests 15 where the independent variable Granger Causes the dependent variable if the coefficient on the cointegrating vector is significantly different from zero (Chaudhuri 1997) .
If the coefficient on the cointegrating vector is insignificant but the coefficients on one or more lags of the independent variable are significant then the dependent variable is weakly exogenous. If the coefficients on both the cointegrating vector and the lags of the independent variable are insignificant then it is said that the dependent variable is strongly exogenous. Granger causality Results are reported below. Cointegration between migration and the exchange rate is the most important finding from this section. It implies a long run equilibrium relationship exists between the variables and causality in at least one direction. This suggests the relationship observed in the Reserve Bank Monetary Policy Statement is not spurious. Sixteen cointegrating specifications are tested, eight are found to be cointegrated at the 15% level or lower. Six of the cointegrating relations found involve the real exchange rate. Where cointegration is found using the nominal exchange rate, it is also found using the real exchange rate under the same specification at a higher significance level. When Granger causality tests are performed migration is found to Granger cause the real exchange rate and to be strongly exogenous.
This is an important result suggesting the exchange rate does not have an effect on migration.
However it is difficult to interpret the econometric equations so a theoretical model is developed to understand the relationship in a general equilibrium framework.
A Theoretical Model
This section develops the general equilibrium model that will be used in this paper and calibrated for the New Zealand economy. The model borrows the foundation from Hercowitz and Yashiv (2002) . It builds on that foundation a necessary structure to examine the special role of emigration and technology as well as immigration in the exchange rate determination.
It will be interpreted using similar reasoning outlined in Hercowitz and Yashiv (2002) The Cobb Douglas production function is given by:
Labour, imported capital and domestic capital are all imperfect substitutes in the production of domestic output. Two scenarios are reported in Hercowitz and Yashiv (2002) .
The first is where the capital stock is homogeneous and consists of only imported capital, Hercowitz and Yashiv (2002) refer to t K as an additional input used in production when there is a heterogeneous capital stock and imperfect capital substitution ( )
In this paper t K is interpreted as indigenous capital that may also include human capital. Hercowitz and Yashiv (2002) specify that t K grows at the same rate as the native born population (implying the economy is in the steady state) but this restriction may be relaxed conditional on t K being uncorrelated with migration flows.
The following section describes the profit maximisation exercise of the representative firm in this economy. Let t P , * t P , t S , t W and t r denote, respectively, the domestic price level the foreign price level, the nominal exchange rate, the nominal wage and the real interest rate.
The representative firm's profit t Π at each date t is given by:
The first order conditions of profit maximisation are described below.
The nominal factor price of imported capital is the price of imported capital in foreign currency converted into domestic currency. Let Rt S denote the real exchange rate at time t.
By dividing both sides of (3a) by the domestic price level, the factor price of imported capital is given by,
By (3.b) the optimal level of imported capital is such that the real exchange rate equals the marginal product of imported capital.
Under the small open economy assumption the real interest rate is constant and equal to the world real interest rate, the firm takes as given to determine its desired capital stock such that
Or, equivalently, marginal product of indigenous capital equals the world's interest rate.
The choice of labour is determined by:
Note that the optimal level of employment gives the standard result that the real wage equals marginal product of labour, which, however, depends on the level of imported capital and hence on the real exchange rate.
The above link between the labour productivity and the exchange rate contributes to the determination of the real exchange rate as a function of labour.
The population of working age is heterogeneous and composed of two components, native-born population of working age where t is the number of quarters since the first immigrant cohort arrived and q is the number of quarters a particular cohort has been resident. This paper deviates from Hercowitz and Yashiv (2002) with the inclusion of the term E t P ∆ , which represents the flow of emigrants for the current time period. It is assumed that all emigration is from the native born population for simplicity. 16 The time order is critical for the inclusion of emigration in the model, all emigration occurs at the end of the period so that * N t P , the native born population at the end of period t is given by: 
16 There is evidence for this in the data; most of the variation in New Zealand's emigration is driven by the native born population (Population and Development, 2003) where n is the growth rate of the native born population due to natural increase and is assumed to be constant.
The population grows over period t due to natural increase then the emigrants leave at the end of the period to give the current period's native born population. In addition the assumption is made that emigration has a one off effect on the population so is only included directly in the model once.
Labour supply, like the population is made up of two components, native-born labour supply and immigrant labour supply. (Hercowitz and Yashiv (2002) ) and from New Zealand (Winkelmann and Winkelmann (1998) ). 18 It is assumed in this paper that the labour participation factors for the quarters since arrival remain constant over time for simplicity. There is evidence of this in the 1996 and 2001 census data.
Total labour supply is the sum of the immigrant labour supply and the native born labour supply. The equilibrium labour force is solved for, by setting the labour supply equal to labour demand (MPL). (1) 
Z4t is a variable and an increasing function of Z3t, and a decreasing function of t ξ and depends non-trivially on parameters α, β, λ and ε. (12), if immigrants have a disproportionately high share of aggregate demand and a lower employment rate than the native born, they will be consuming more than they are contributing to production through labour resulting in an increase in aggregate demand and a real appreciation of the exchange rate. If immigrants have a higher employment rate compared to their share of aggregate demand, they will be contributing more to production through labour than they are consuming, aggregate supply will increase and a real depreciation of the exchange rate will occur.
The heterogeneous capital scenario, where both indigenous and imported capital are inputs in production, implies that The model will be calibrated to the New Zealand economy by matching the models prediction of the real exchange rate, GDP and employment, equations (11), (9) and (7) respectively to their corresponding data. The variables determined exogenously to the model and hence require data include the domestic capital stock t K , the stock of the native-born population N t P and the flow of immigrants and emigrants, 
Calibration
This section describes how the parametersα , β , θ are estimated by using equations (7), (9) and (11) In other words, immigrants participate in the labour and goods markets exactly like the native born population with a four quarter lag. The labour market participation rates for an immigrant increase gradually over time. The profile of participation rates reported by 20 The homogeneous restriction could not be applied. Hercowitz and Yashiv (2002) is used to fit data available for New Zealand immigrants (see Appendix figures 21 and 22). The participation rates for q = 4 and q = 2 are calibrated, respectively, to fit the actual participation rate of the immigrants, who arrived one year ago and those who arrived less than a year ago. The participation rate for immigrants who arrived less than a year ago is assumed to be the median participation rate for all immigrants who arrived within the year and is therefore assigned to the median quarter which happens to be q = 2. The participation factor for the emigrants is chosen to be 95% for all impending emigrants. Presumably, they may not be working fulltime while they are preparing to go overseas. The results reported in this paper are not sensitive to the specific estimates of the labour market participation rates reported above.
Given four lags as discussed above there will be eight parameters to calibrate as follows: λ , ε , (15), (16) and (17) represent the difference between the models prediction of the real exchange rate, GDP and the employed, and their corresponding data equivalents.
Following Hercowitz and Yashiv (2002) it is assumed that technology is time invariant and there are no exogenous aggregate demand shocks, without loss of generality.
Case 1: Baseline Calibration
The estimated parameters of the model based on the Statistics New Zealand data 21 are reported below.
21 Capital data converted from annual to quarterly series by Mark Smith, the RBNZ Real exchange elasticity of aggregate demand and real wage elasticity of labour supply: The calibrated values for the goods market participation parameters reported under Case's 1 and 2 can be interpreted as follows: The goods market participation rate of the immigrants increase with the time they have been present in the host country eventually overtaking the native born rate (with the purchase of a house or investment in a business) before converging to one. It is assumed they become indistinguishable from the native born population when they have lived in the host county for more than four quarters.
The estimated goods market participation factors for Case 1 are displayed in figure 5 (see Appendix). It can clearly be seen that immigrants' goods market participation factors start below those of the native born. There is a slight increase preceding a negligible decline.
By the time the immigrants have been resident for four quarters their participation factors have escalated to over seven times those of the native born before converging to one.
All goods market participation factors exceed their respective labour market factors except for the immigrants that arrived three quarters ago. Their labour market participation rate is slightly larger than their goods market participation. The differential is not large enough by itself to cause a real depreciation of the exchange rate when immigration increases
2 θ ω (with respect to equation (12)). However the resulting real appreciation is likely to be smaller than if their goods market participation rate exceeded their labour market participation. The higher goods market participation in the remaining quarters suggest that immigrants are consuming more than they are contributing to production through labour. The fourth lag has the largest differential for the immigrants, and is comparable to the emigrant's respective differential. Immigrants purchasing a house, business or other large ticket item, can explain the large differential. A goods market participation factor of one is representative of native born participation in the economy, so it is conceivable when buying a house or business, participation in the economy could be seven times that of the average native born. Similarly the emigrants' large goods to labour market participation differential can be explained by the sale of personal possessions before departure, interpreted as a negative contribution to aggregate demand. This reasoning becomes clearer when the emigrants current goods market participation of ten, entering negatively into aggregate demand, is compared to their previous quarters participation of one, entering positively into aggregate demand. The participation factor of ten implies that one person emigrating is equivalent to losing the consumption share of ten native born for the period they depart. In the quarter preceding their departure their share of aggregate demand is the same as the native born. If an emigrant were to sell all there possessions including their house before they departed the amount sold could be ten times more than the average native born consumes in one quarter.
The estimated relative price elasticity of demand ε , is quite low at 0.028. This suggests that imports and domestically produced output are weak substitutes and sufficiently different for the relative price to have only a limited affect on their demand. The estimated elasticity of labour supply λ is 1.22 indicating workers have a more than proportionate response to wages, and is comparable to the estimate of 1 Hercowitz and Yashiv (2002) supply for Israel. The models prediction of the real exchange rate, GDP and the employed are presented with their data equivalents in figures 6, 7 and 8 respectively. Table 3 displays the corresponding simple correlations between the models prediction and the data. The model is able to fit the real exchange rate reasonably well from about 1993 onwards. However preceding this period the model under values the real exchange rate which is apparent in the poor correlation result.
From figure 7 , the model's prediction closely replicates GDP although it is unable to explain the dip in the early 1990's. This result is reinforced by the high correlation between the models prediction of GDP and the data. The model is able to simulate the variation in the employed from about 1991 onwards. However before 1991 the model underestimates the employed. This can be explained by the absence of exogenous causes of unemployment and some of the assumptions used to construct the model. 22 Despite this the simple correlation shows the predicted employed is strongly correlated with the data. To improve the fit of the models predicted real exchange rate, the domestic capital stock will be re-estimated in the following section, by including an additional parameter for depreciation.
Case 2: Capital Altered for Different Depreciation Rate
This section includes the depreciation rate of indigenous capital δ, as a parameter and estimates it in addition to the previously listed parameters to fit the model. The model now has nine parameters with 201 variables leaving 192 degrees of freedom.
The standard capital accumulation equation, Zealand capital stock data point from the middle of the sample as the base period, the free parameters are chosen to fit the models prediction of the real exchange rate, GDP and employment to their data equivalents.
The parameter estimates are reported below and interpreted.
Elasticities and Domestic Capital Depreciation Rate
Parameter ε= The estimated domestic capital depreciation rate δ can be compared to the Statistics New Zealand rate. A depreciation rate of 3.7% per annum or 0.92% quarterly is estimated to fit the model compared to the 5% per annum or 1.2% quarterly that Statistics New Zealand use. 23 The lower depreciation estimate could be explained by the absence of human capital from the Statistics New Zealand capital stock. Human capital may be required to fit the model and could depreciate less rapidly than physical capital.
The estimated goods market participation factors using the calibrated domestic capital stock resemble to those estimated in the baseline case. Figure 9 presents the goods market participation profile estimated in Case 2, and has an almost identical shape to Case 1.
The goods to labour market participation differentials share a similar trend to those in Case 1. All the goods market participation factors are larger than their corresponding labour market participation factors for the immigrants except the third lag, where the labour participation rate is slightly larger. This is not large enough by itself to cause a real depreciation when immigration increases. The fourth lag of immigration has the largest goods to labour market participation differential and is comparable to the emigrants. The goods market participation factors that are larger than their respective labour market participation factors can be interpreted as recent immigrants consuming more than they are contributing to production through labour in the New Zealand economy.
The goods market participation rate for the emigrants changes the most between Cases. It is still significantly larger than the native born rate of one, but has decreased from ten in the baseline case down to seven. This suggests that when a member of the native born population emigrates they have the same effect on aggregate demand as losing the consumption share of seven native born and can be explained by the same reasons outlined in Case 1.
The estimates for the relative price elasticity of demand and the elasticity of labour supply do not change significantly from Case 1. The estimate for λ is 1.160, which is closer to the estimate that Hercowitz and Yashiv (2002) give for Israel. Case 2 are presented with their data counterparts in figures 10, 11 and 12 respectively. Table   4 displays the simple correlations between the models prediction and the data. The model predicts the real exchange rate better under Case 2 than it could under Case1, which is supported by the increased correlation between model and data. Comparing figure 10 with figure 6, it is apparent that Case 2 can replicate the peak in the real exchange rate in the early 1990's, which it is unable to in the baseline case. The portion of the real exchange rate the model could fit in Case1 is easily replicated under Case 2 although it is still unable to explain the initial peak in the mid 1980's and a subsequent peak in the 1990's. The models predicted employment under Case 2 is comparable to Case 1, the correlation between the model and the data remains unchanged between cases, and it suffers from the same problems explaining the mid 1980's. The predicted GDP in Case 2 fits as well as the baseline case, with the simple correlation remaining unchanged. Adding an extra parameter for domestic capital depreciation has improved the fit of the model, the correlation between the models prediction of the real exchange rate has increased, but there is still room for improvement. The conclusion reached is the source of the poor fit in Case 1 is not just the quality of the capital stock data but some other assumptions of the model. In particular the assumption that the level of technology is time invariant and there are no exogenous demand shocks may not be true. In the next section these assumptions will be relaxed.
6.2a Case 2a: Shocks to Technology and Aggregate Demand
In this section shocks to technology and aggregate demand are considered to account for some of the variation in the data not explained by the model. First analytical expressions of the technology and demand shocks are derived in terms of the variables Z1t, Z2t, Z3t and Z4t of equations (7)- (9) and (11). The calculations and equations for this exercise are reported in the Appendix.
Aggregate demand shocks, required to estimate technology in the foreign exchange market, are determined by setting the models prediction of aggregate demand equal to GDP data. The aggregate demand shocks are solved for by using equation (A.14) from the Technical Note on TFP included in the Appendix. The level of technology required to fit the model's prediction of the real exchange rate, GDP and the employed exactly is determined by setting the models prediction of the real exchange rate, GDP and employed equal to their corresponding data equivalents. Technology is then solved by using equations (A.15), (A.16) and (A.17) the Technical Note on TFP included in the Appendix to determine technology in the goods, the labour and the foreign exchange markets respectively.
The technology estimates presented in figure 13 , are determined in the goods, the labour and the foreign exchange markets. The technology estimates from the three markets are relatively consistent and share a similar trend. Technology is decreasing in the 1980's, before stabilising in the 1990's and fluctuating round a mean value. The technology estimated using aggregate supply is closer to the technology estimated using the real exchange rate. The technology estimated in the labour market has more of a descending trend over the time period calibrated. This may be due to labour demand shocks, independent of technology and the other markets.
The real exchange rate could be estimated using the technology estimates generated in the foreign exchange market resulting in a 100% fit of the model. However this would be of limited interest. A better measure of the models performance would be to use the technology generated in the labour or the goods market along with the aggregate demand shocks to estimate Z4t and hence the real exchange rate. This would show whether the model is internally consistent. Both technology estimates are used to estimate the real exchange rate.
The technology from the goods market provides a better fit than the technology from the labour market, which is not surprising given figure 13. So only this estimate is reported along with the estimate of the employed using technology from the goods market. There are 201 variables and 9 parameters, the inclusion of technology and aggregate demand shocks adds 2 67 × parameters to the model, so there are now 145 parameters leaving 58 degrees of freedom. It can capture more curvature in the data in the early 1990's than it could without technology and the correlation improves. On the whole the inclusion of technology and aggregate demand shocks have improved the models fit. Now the model has been fitted, hypothesis tests will be undertaken to evaluate the models performance, these will be covered in the next section.
Testing and Policy Implications
This section looks at three different issues with regard to testing the calibrated model's
performance. The first issue tested is the hypothesis that migration data is a good predictor of the real exchange rate. This is evaluated by measuring the out of sample forecasting performance of the general equilibrium model. The second issue involves the hypothesis that the general equilibrium model explains the real exchange rate better than the diagnostic econometrics, a cointegrating style restriction is applied to the general equilibrium model and some comparisons are made. The final issue covered is a policy experiment with regard to the recent change in immigration policy.
Out of Sample Forecast
In this section the hypothesis that migration is a good predictor of the real exchange rate will be tested. The model used will include a parameter for domestic capital depreciation as established in Case 2 and hold technology and aggregate demand shocks constant. The hypothesis is tested by measuring the out of sample forecasting performance of the model. To test the out of sample forecasting performance, the model is calibrated for only the first half of the sample using the method described previously. The models prediction of the real exchange rate is compared to the real exchange rate data for the 1994:4 to 2002:4 period. The parameter estimates are reported below. Figure 16 presents the calibrated and forecasted sections of the general equilibrium model. It is evident that the model is able to replicate the direction of the movements in the real exchange rate over the second half of the sample although it under estimates the magnitude of the trough in1997. The models forecast of the real exchange rate has a 96% correlation with the data. It is able to forecast the peak and the decline in the real exchange rate around 2001 and performs well over the time period.
Model's Performance
In this section the underlying assumptions of the general equilibrium model will be tested against a comparable equation taken from the Diagnostic Statistics section. Equation (5*) is selected because it is the cointegrating equation most closely resembling equation (12) from the general equilibrium model. Equation (12) is modified by imposing a cointegration style restriction. Cointegration requires that contemporaneous variables integrated of the same order be regressed upon one another to produce a stationary residual. Placing a cointegration style restriction on equation (12) implies only using the current period's immigration and emigration in the model with the parameter estimates generated from Case 2. In addition the steady state restriction must be imposed on the general equilibrium model so that t K grows at the same rate as N t P and equation (12) collapses to something comparable to equation (5*), Where equation (5*) can be written using the same notation as (12), 
The performance of equation (5*) with in sample is compared to equation (12) with the cointegration style restriction imposed. Plotting both equations using the same data and establishing the base year for the real exchange rate as 1986:2, yields the following results.
When the restriction is applied to the calibrated model it is able to replicate less variation in the real exchange rate compared to the cointegrating equation. However it is evident that a pronounced lag exists in the cointegrating equation. All peaks seem to occur several quarters ahead of their corresponding peaks in the data.
Two possible conclusions can be drawn from this result. The first is the performance of the general equilibrium model using the calibrated parameters and with the cointegration style restrictions imposed, deteriorates. It is unable to explain the amount of variation in the real exchange rate that equation (5*), the cointegrated equation is able to. Alternatively when the cointegrated equation is compared to the calibrated model from Case 2a, a different conclusion can be drawn. The correctly specified calibrated model with technology from the goods market, aggregate demand shocks and arbitrary restrictions removed, is able to replicate more variation in the real exchange rate than equation (5*). This paper reaches the latter conclusion, suggesting the arbitrary imposition of a cointegration style restriction results in the misspecification of the model. This in turn generates an omitted variable bias. The true specification of the model suggests that contemporaneous emigration, immigration, domestic capital stock, the native born population, goods and labour market participation rates and lagged immigration constitute important determinants of the real exchange rate.
Policy Experiment: New Zealand's Change in Immigration Policy
This section investigates the effects of an unanticipated shock that changes the flows of migration. This exogenous change to migration could be thought of as an unanticipated change to immigration policy, which ties in with the recent change to immigration policy in New Zealand (New Zealand Immigration Service, 2003) . This section takes a look at a hypothetical outcome possible under the new immigration policy using the model calibrated in Case 2.
The policy change is designed to give government more control over the number of immigrants granted residency. Despite this change, the residency quota will be fixed at the In order to carry out such a policy experiment, the capital scenario must be chosen, the model updated to the current period and some suitable assumptions made. The parameter estimates used for the forecast are those from Case 2. They have been chosen because this scenario is able to replicate the data the closest. 24 The model has been updated to the September quarter of 2003. 25 The capital stock has been extended to the current period by finding the growth rate in the preceding periods and continuing the trend. The population has been extended by using the same growth rate of the last 16 years and adding in the migration flows that have occurred since December 2002. Estimating future migration flows will provide the greatest challenge. 24 The model from Case 2a adjusted for technology comes closer to replicating the data but due to the difficulty in estimating technology shocks the core model from Case 2 will suffice. 25 Given that the model previous section was calibrated up until the December quarter 2002.
As suggested, government has set the immigrant intake for the 2004 year at 45,000, the same level from the preceding year. Annual permanent and long-term arrivals for the 2003 year were approximately 95,000. This is higher than the residency intake. Clearly not all people classified as total permanent and long-term arrivals are immigrants; therefore it is unclear how the change to immigration policy will affect migration. As noted, the Reserve
Bank believes there will be a slight decline in arrivals over the next year.
The forecasts made using the aforementioned expectations are that immigration will gradually decline, while emigration will gradually increase. The method determining the exact numbers can be seen in with figure 22 the migration forecast in the Appendix.
Under the strict assumptions outlined and using the rough migration estimates generated in the Appendix the model predicts there will be a gradual real appreciation of the exchange 
Conclusion
The contribution this paper makes can be summarised as follows. It confirms the findings of Hercowitz and Yashiv (2002) but for New Zealand. Migration data can be used to explain the real exchange rate at least partially. Consequently, Figures 1 and 2 
from the March 2003
Reserve Bank Monetary Policy Statement that suggest a possible relationship between net migration and the exchange rate turn out not to be spurious. Granger causality tests confirm the direction of causality from migration to the real exchange rate. To understand this econometrically tested relationship a general equilibrium framework similar to Hercowitz and Yashiv (2002) is used with the allowance made for emigration, a different profile of participation rates for the migrants as well as technology and aggregate demand shocks. The real exchange rate is linked to migration through the interaction of the goods and labour markets in a small open economy. Key differences in behaviour between the native born and migrants cause real effects in those markets.
The paper also reports cointegration, which suggests a long run equilibrium relationship, between the real exchange rate and migration. This finding is quite significant and surprising given that Engel and West (2003) are unable to find cointegration between a list of economic fundamentals (not migration) and the exchange rate.
Besides the general theoretical and econometric findings reported above, the paper contributes in various other ways aiding future research in this area. Like the prediction of the inflation rate based on the quantity theory of money which requires a stable velocity of money, the prediction of the real exchange rate based on the model provided here requires a stable distinct profile of participation rates of migrants.
Future research in this area could investigate the stability of immigrants and emigrants' goods market participation rates. For example it is possible that a change to the ethnic composition of migrants may result in changes to the average participation rates. The model presented, here, could be extended to accommodate such changes, however it is beyond the scope of this paper. The model does not include a policy variable that explicitly enables the study of an anticipated change in immigration. Further developments of the model could include such a variable.
